Hypoxic tumor therapy by hemoglobin-mediated drug delivery and reversal of hypoxia-induced chemoresistance.
Chemotherapy has become a critical treatment for many cancer types. However, its efficacy is hindered by chemoresistance and limited drug accumulation induced by the hypoxic tumor environment. Therefore, there is an urgent need for useful strategies to alleviate tumor hypoxia and enhance chemotherapy response in solid tumors. Herein, we report the development of a multifunctional liposome simultaneously loading an oxygen carrier (hemoglobin, Hb) and an anti-tumor drug (doxorubicin, DOX) to enhance chemotherapeutic effects against hypoxic tumors. The liposomes, DOX-Hb-lipo (DHL), showed efficient loading of oxygen and site-specific oxygen delivery into tumors, inducing the reversal of tumor hypoxia. Furthermore, the O2 interference capacity increased the uptake of the drug into hypoxic cancer cells, inducing a remarkably increased toxicity of the drug against cancer cells. Interestingly, the obtained DHL showed a significantly enhanced internalization into cancer cells and accumulation in tumors compared to DL (DOX loaded liposomes without Hb), while the enhanced effect did not occur in normal cells. The specific delivery of DHL into cancer cells should be attributed to the mediation of Hb on the surface of the liposomes. In addition, DHL considerably increased reactive oxygen species (ROS) production in a hypoxic environment and promoted the ROS-mediated cytotoxicity of DOX. Based on the elevated drug accumulation in the tumor sites, increased internalization into cancer cells and enhanced oxygen levels in tumor regions, DHL reversed hypoxia-induced chemoresistance and exhibited stronger antitumor effects. Thus, DHL might be a promising alternative strategy for cancer treatment.